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3URWHLQVHFUHWLRQDQGPHPEUDQHLQVHUWLRQRFFXUVWKURXJKWKHXELTXLWRXV6HF
PDFKLQHU\,QWKLVV\VWHPLQVHUWLRQLQYROYHVWKHWDUJHWLQJRIWUDQVODWLQJULERVRPHVvia 
WKHVLJQDOUHFRJQLWLRQSDUWLFOHDQGLWVFRJQDWHUHFHSWRUWRWKH6HF<EDFWHULDDQG
DUFKDHD6HFHXNDU\RWHVWUDQVORFRQ$FRPPRQPHFKDQLVPWKHQJXLGHVQDVFHQW
WUDQVPHPEUDQHKHOLFHV70+VWKURXJKWKH6HFFRPSOH[PHGLDWHGE\DVVRFLDWHG
PHPEUDQHLQVHUWLRQIDFWRUV,QEDFWHULDWKHPHPEUDQHSURWHLQµLQVHUWDVH¶<LG&
XVKHUV70+VWKURXJKDODWHUDOJDWHRI6HF<WRWKHELOD\HU<LG&LVDOVRWKRXJKWWR
LQFRUSRUDWHSURWHLQVLQWRWKHPHPEUDQHLQGHSHQGHQWO\RI6HF<(*+HUHZHVKRZWKH
EDFWHULDOKRORWUDQVORFRQ+7/±DVXSHUFRPSOH[RI6HF<(*6HF')<DM&<LG&±
LVDbona fide UHVLGHQWRIWKHE. coli LQQHUPHPEUDQH0RUHRYHUZKHQFRPSDUHGWR
6HF<(*DQG<LG&DORQHWKH+7/LVPRUHHIIHFWLYHDWWKHLQVHUWLRQDQGDVVHPEO\RID
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UHTXLUHRQO\<LG&


 



6XPPDU\VWDWHPHQW
:HSUHVHQWDQDQDO\VLVRIWKHFRQVHUYHGPHPEUDQHSURWHLQLQVHUWLRQDSSDUDWXV±WKH
EDFWHULDOKRORWUDQVORFRQ,QFRQWUDVWWRWKHSUHYDLOLQJYLHZZHVKRZHIILFLHQW
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51&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6HF<(*FRPSOH[ZKHUHXSRQSURWHLQWUDQVORFDWLRQSURFHHGV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DVVLVWDQFHRIRWKHUPHPEUDQHSURWHLQVLQFOXGLQJ6HF<DQG6HF$>@DQGRQWKH
HVWDEOLVKHGVHQVLWLYLW\RI3ISKDJHFRDWSURWHLQWRWKHGHSOHWLRQRI<LG&LWZDV
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GHWHUPLQDQWVIRUWKHLQVHUWLRQRIDQXPEHURIPHPEUDQHSURWHLQVKDYHQRW\HWEHHQ
FODULILHGLQFOXGLQJVRPHRIWKRVHDQDO\VHGLQWKLVVWXG\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$PORYHUQLJKWFXOWXUHRIE. coli&'(LQ/XULDEURWKZDVXVHGWRLQRFXODWH
/RI[<7DW&2QFHUHDFKLQJARILWZDVLQFXEDWHGIRUIXUWKHUKDW
&&HOOVZHUHKDUYHVWHGE\FHQWULIXJDWLRQDW[gIRUPLQDQGUHVXVSHQGHG
LQPORIP07ULV+&OS+P01D&O*O\FHURO76*&HOOVZHUH
UXSWXUHGXVLQJDFHOOGLVUXSWRU&RQVWDQWV\VWHPV/7'DWN36,DQGWKHPHPEUDQH
IUDFWLRQZDVFROOHFWHGE\XOWUDFHQWULIXJDWLRQDW[gIRUPLQ0HPEUDQHV
ZHUHUHVXVSHQGHGLQPO76*EXIIHUSHU/FXOWXUHZYRI6W\UHQH0DOHLF
DFLG60$FRSRO\PHUZLWKDUDWLRZDVDGGHGWRWKHPHPEUDQHVDQGLQFXEDWHG
IRUKURWDWLQJDW&>@([FHVVPHPEUDQHZDVUHPRYHGE\XOWUDFHQWULIXJDWLRQDW
[gIRUPLQDQGWKHVXSHUQDWDQWFRQWDLQLQJ60$/3VZDVUHWDLQHGIRUFR
LPPXQRSUHFLSLWDWLRQ

&RLPPXQRSUHFLSLWDWLRQRI+7/60$/3XVLQJDQWL6HF*DQWLERG\
&RLPPXQRSUHFLSLWDWLRQZDVSHUIRUPHGE\LQFXEDWLQJORIPRQRFORQDO6HF*
DQWLERG\ZLWKPO60$/3VXSHUQDWDQWIRUKDWURRPWHPSHUDWXUH&RQD
URWDU\SODWIRUP$FRQWUROVDPSOHZDVSUHSDUHGZLWKRXWWKHDQWLERG\7KHVROXWLRQV
ZHUHLQFXEDWHGZLWKPORISURWHLQ*$PLQWUD3URWHLQ*([SHGHRQHTXLOLEUDWHGLQ
76*EXIIHUURWDWLQJRYHUQLJKWDW&6DPSOHVZHUHFHQWULIXJHGLQPOVSLQFROXPQV



%LRUDGDW[gIRUVHFDQGZDVKHGZLWKFROXPQYROXPHVRI76*EXIIHU
(OXWLRQZDVSHUIRUPHGZLWKORI/'6EXIIHU1X3$*(7KHUPR)LVKHU
6FLHQWLILFE\FHQWULIXJDWLRQDW[gIRUVHFORIVDPSOHVZHUHFROOHFWHG
DQGDQDO\VHGE\6'63$*(DQG:HVWHUQ%ORWWLQJIRUHDFKRIWKH+7/FRPSRQHQWV

3URWHLQSXULILFDWLRQDQGUHFRQVWLWXWLRQ
7KH+7/6HF<(*<LG&DQGWKHLUF\VWHLQHIUHHYDULDQWV6HF$DQGSUR2PS$
ZHUHSXULILHGDVSUHYLRXVO\GHVFULEHG>@7KH+7/DQG6HF<(*ZHUH
UHFRQVWLWXWHGLQWRVWDQGDUGSURWHROLSRVRPHV3/VDVGHVFULEHG>@XVLQJE. coliWRWDO
SRODUOLSLGV$YDQWL3RODU/LSLGV,QF9HVLFOHVZHUHIRUPHGE\RYHUQLJKWGLDO\VLV
DJDLQVWDVROXWLRQRI%LR%HDGV60DGVRUEHQWV%LR5DG/DERUDWRULHV/WGLQ7.0
EXIIHUP07ULV+&OS+P0.&OP00J&OUHVXOWLQJLQDILQDO
FRQFHQWUDWLRQRIȝ06HF<(*ȝ0DFWLYHVLWHVRUȝ0RIWKH+7/
FRPSOH[3/VFRQWDLQLQJE5ZHUHUHFRQVWLWXWHGXVLQJWKHVDPHPHWKRGDVGHVFULEHG
>@<LG&VWDQGDUG3/VZHUHSUHSDUHGXVLQJWKHVDPHPHWKRGLQWKHDEVHQFHRI
E5LQWKHSUHVHQFHRI<LG&UHFRQVWLWXWLRQEXIIHUP0$'$S+P0
1D&OLQVWHDGRIWKHVWDQGDUG7.0EXIIHU%ULHIO\E5FRQWDLQLQJSXUSOHPHPEUDQHV
IURPHalobacterium halobiumZHUHSXULILHGDVGHVFULEHG>@DQGVROXELOLVHGLQWKH
SUHVHQFHRI7ULWRQ;IRUKDW&6ROXELOLVHGE5WRJHWKHUZLWK6HF<(*
<LG&RUWKH+7/ZHUHPL[HGZLWKE. coliWRWDOSRODUOLSLGVDQGKHQHJJ/Į3&
UDWLR$YDQWL3RODU/LSLGV,QFLQWKHSUHVHQFHRI7ULWRQ;LQ7.0EXIIHU
'HWHUJHQWZDVVORZO\UHPRYHGE\DGGLWLRQRI%LR%HDGVPJSHUPJGHWHUJHQW
HYHU\KIRUKURWDWLQJLQWKHGDUNDW&)RUPHG3/VFRQWDLQHGDILQDO
FRQFHQWUDWLRQRIȝ0E5DQGȝ06HF<(*RU<LG&ȝ0DFWLYHVLWHVRU
ȝ0RIWKH+7/3URWHLQVZHUHUHFRQVWLWXWHGDVVXPLQJDKRPRGLPHULFIRUPRI



6HF<(*DQGDKHWHURGLPHULFFRPSOH[RIWKH+7/FRQVLVWLQJRIRQHFRS\RIHDFK
VXEFRPSOH[6HF<(*DQG6HF')<DM&<LG&>@)RUWKHSXUSRVHRIWKH
UHFRQVWLWXWLRQ<LG&ZDVDOVRWUHDWHGDVDKRPRGLPHU7KLVVLPSOLILFDWLRQDOORZHG
IRUHTXDOVWRLFKLRPHWU\RIWKHFRPSOH[HVLQDOOVHWVRI3/VDQGWKXVIRUDGLUHFW
FRPSDULVRQRIWKHLUDFWLYLWLHV,QQHUPHPEUDQHYHVLFOHV,09VZHUHSUHSDUHGDV
GHVFULEHG>@

In vitroWUDQVFULSWLRQWUDQVODWLRQLQVHUWLRQDVVD\
7KHPHPEUDQHSURWHLQLQVHUWLRQDFWLYLW\RIWKH+7/6HF<(*DQG<LG&DQGWKHLU
F\VWHLQHIUHHGHULYDWLYHVZDVWHVWHGDVGHVFULEHG>@%ULHIO\JHQHVRILQWHUHVW
ZHUHDPSOLILHGE\3&5DQGWUDQVFULEHGin vitroXVLQJ751$SRO\PHUDVHIRUKDW
&P51$ZDVSXULILHGXVLQJWKH51HDV\0LQL.LW4LDJHQ/WG0DQFKHVWHU
8.*HQHUDWHGWUDQVFULSWVZHUHWUDQVODWHGXVLQJDQE. coli 6FHOOH[WUDFW
FRQWDLQLQJHQGRJHQRXV6HF$>@LQWKHSUHVHQFHRIP07ULVDFHWDWHS+
P00J2$FP0SRWDVVLXPJOXWDPDWHP0DFHW\OSKRVSKDWH
P0DPPRQLXPDFHWDWHP0$73P0*73P0F$03ȝJPOW51$
7\SH;;,6WUDLQ:3(*ȝJPOIROLQLFDFLGP01$'+P0
3(38S\UXYDWHNLQDVH8ODFWDWHGHK\GURJHQDVHQ0653
)WV<FRPSOH[VLQJOHFKDLQ653VF653>@ȝ0HDFKDPLQRDFLGH[FHSW
PHWKLRQLQHQ06ODEHOOHGPHWKLRQLQHDQGȝ0ȝ0DFWLYHVLWHV
6HF<(*RU<LG&RUȝ0RIWKH+7/UHFRQVWLWXWHGLQWR3/V5HDFWLRQVZHUH
LQFXEDWHGDW&IRUPLQDQGWUDQVODWHGSURWHLQVZHUHFRWUDQVODWLRQDOO\LQVHUWHG
LQWR3/V3/VFRQWDLQLQJLQVHUWHGVXEVWUDWHVZHUHSXULILHGE\VXFURVHGHQVLW\JUDGLHQW
FHQWULIXJDWLRQIROORZHGE\0XUHDZDVKWRUHPRYHDQ\SHULSKHUDOO\ERXQG
VXEVWUDWH6DPSOHVZHUHDQDO\VHGE\6'6RU%13$*()RUWKHSXUSRVHRI%1



3$*(DQDO\VLVVDPSOHVZHUHVROXELOL]HGLQQRQGHQDWXULQJGHWHUJHQW''0
UHVXVSHQGHGLQ[1DWLYH3$*(VDPSOHEXIIHUDQGORDGHGRQWR%LV7ULV
1DWLYH3$*(JHOV,QYLWURJHQ5DGLRODEHOOHGVXEVWUDWHVVXFFHVVIXOO\LQVHUWHGLQWRWKH
OLSLGELOD\HUZHUHGHWHFWHGE\SKRVSKRULPDJLQJDQGTXDQWLILHGXVLQJ,PDJH4XDQW
)RUWKHSXUSRVHRIJHQHUDWLQJD30)E5IURPHalobacterium halobiumSXUSOH
PHPEUDQHVZDVFRUHFRQVWLWXWHGWRJHWKHUZLWKWUDQVORFDWLRQFRPSOH[HVDVGHVFULEHG
>@:KHUHE5FRQWDLQLQJ3/VZHUHXVHGDOOUHDFWLRQVZHUHSUHSDUHGLQWKHGDUNDQG
LQFXEDWHGLQIURQWRID:VOLGHSURMHFWRUILWWHGZLWKD\HOORZILOWHURULQWKHGDUN
IRUUHDFWLRQVLQWKHDEVHQFHRIWKH30),QRUGHUWRFROODSVHWKH30)DQXQFRXSOLQJ
LRQRSKRUH&&&3ZDVXVHGDWȝ0

In vitroWUDQVORFDWLRQDVVD\
7KH30)VWLPXODWHGSURWHLQVHFUHWLRQDFWLYLW\RIWKH+7/6HF<(*DQG<LG&ZDV
WHVWHGDVGHVFULEHG>@LQWKHSUHVHQFHRIȝ06HF$DQGȝ0ȝ0DFWLYH
VLWHV6HF<(*RU<LG&RUȝ0RIWKH+7/LQFRUSRUDWHGLQWRSKRVSKROLSLG
YHVLFOHVIRUPLQDW&)ROORZLQJWKHPLQLQFXEDWLRQSURWHLQDVH.ZDV
DGGHGWRDOOUHDFWLRQVWRDILQDOFRQFHQWUDWLRQRIPJPOIROORZHGE\DPLQ
LQFXEDWLRQRQLFH,QRUGHUWRSUHFLSLWDWHVXFFHVVIXOO\WUDQVORFDWHGSUR2PS$%6$
ZDVDGGHGWRDILQDOFRQFHQWUDWLRQRIPJPOIROORZHGE\7&$$IWHUDPLQ
LQFXEDWLRQUHDFWLRQVZHUHFHQWULIXJHGDW&IRUPLQDW[g3HOOHWVZHUH
UHVXVSHQGHGRYHUQLJKWLQ[/'6VDPSOHEXIIHUDQGDQDO\VHGE\6'63$*(
3URWHDVHSURWHFWHGSUR2PS$VXFFHVVIXOO\WUDQVORFDWHGLQVLGHWKHOXPHQRI3/VZDV
DQDO\VHGE\:HVWHUQEORWWLQJDQGWKHUHVXOWVIURPWKUHHLQGHSHQGHQWUHSHDWVZHUH
TXDQWLILHGXVLQJ,PDJH-




$IILQLW\0HDVXUHPHQWVRI<LG&WR6E\)OXRUHVFHQFH$QDO\VLV
Q0&\ODEHOHGF\VWHLQHPXWDQWVRI<LG&LQP0+HSHV.2+S+
P0.&OP00J2$FYROYROJO\FHURODQG''0ZHUHPL[HG
ZLWKQ0WR06ULERVRPHVLQP0+HSHV.2+S+P0
0J2$FP01+&ODQGP0'77LQDYROXPHRI/6DPSOHVZHUH
LQFXEDWHGIRUPLQDW&EHIRUHPHDVXUHPHQWV)OXRUHVFHQFHZDVPHDVXUHGXVLQJ
D0RQROLWK17DQGGDWDZHUHDQDO\VHGXVLQJWKHVXSSOLHGVRIWZDUH
1DQRWHPSHU%DFNJURXQGIOXRUHVFHQFHRIIOXRUHVFHQWO\ODEHOOHGF\VWHLQHOHVV<LG&
ZDVVXEWUDFWHG(DFKH[SHULPHQWZDVUHSHDWHGIRXUWLPHVDQGWKHIOXRUHVFHQFHZDV
QRUPDOL]HGE\GLYLVLRQWKURXJKWKHDYHUDJHRIWKHILUVWIRXUGDWDSRLQWV


5HVXOWV

,QWHJULW\RIWKHKRORWUDQVORFRQ
%HIRUHHPEDUNLQJRQDFRPSUHKHQVLYHDQDO\VLVRIWKHDFWLYLW\RIWKHKROR
WUDQVORFRQZHWKRXJKWLWSUXGHQWWRXQDPELJXRXVO\HVWDEOLVKLWVH[LVWHQFHZLWKLQ
QDWLYHE. coli PHPEUDQHV3UHYLRXVO\DFRPSOH[RI6HF<(*6HF')<DM&ZDV
LGHQWLILHGLQWKHVWUDLQ%/KRZHYHU<LG&KDG\HWWREHLGHQWLILHG>@2XUPRUH
UHFHQWSXULILFDWLRQRIWKHUHFRPELQDQWKRORWUDQVORFRQLQFOXGLQJ<LG&UHOLHGRQWKH
EDODQFHGRYHUH[SUHVVLRQRIDOOVHYHQFRPSRQHQWV>@7KHUHIRUHLPPXQR
SUHFLSLWDWLRQH[SHULPHQWVZHUHFRQGXFWHGLQRUGHUWRFRQILUPWKHSUHVHQFHRI
HQGRJHQRXVLQWDFWKRORWUDQVORFRQLQWKHLQQHUPHPEUDQHVRIWKH%/GHULYHGE.
coli &VWUDLQ>@



60$/3V6W\UHQH0DOHLF$FLG/LSLG3DUWLFOHVSURYLGHDQRYHOWRROIRUWKH
H[WUDFWLRQRISURWHLQVIURPOLSLGPHPEUDQHVLQWKHDEVHQFHRIGHWHUJHQWV7KLVPHWKRG
\LHOGVGLVFVKDSHGSDUWLFOHVRIDURXQGQPGLDPHWHUFRPSRVHGRIDSRO\PHU
DQQXOXVVXUURXQGLQJDQLQWDFWFRUHZKHUHLQDPHPEUDQHSURWHLQRUFRPSOH[RIWKHP
LVVXUURXQGHGDQGSUHVHUYHGE\QDWLYHSKRVSKROLSLGVVHH>@DQGUHIHUHQFHV
WKHUHLQ7KHPHWKRGHOLPLQDWHVWKHQHHGWRXVHGHWHUJHQWGXULQJDQ\VWDJHRIWKH
H[WUDFWLRQDOORZLQJIRUWKHDQDO\VLVRISURWHLQSURWHLQLQWHUDFWLRQVZLWKLQPHPEUDQH
SURWHLQVXSHUFRPSOH[HVWKDWPLJKWRWKHUZLVHEHGHVWDELOLVHGE\H[SRVXUHWR
GHWHUJHQWV)LJ$>@
:LOGW\SHE. coli VWUDLQ&WRWDOPHPEUDQHIUDFWLRQVZHUHVROXELOL]HGXVLQJ
6W\UHQH0DOHLF$FLGFRSRO\PHU60$DQGWKHUHVXOWLQJ60$/3VZHUHVXEMHFWHGWR
FRLPPXQRSUHFLSLWDWLRQZLWKDPRQRFORQDO6HF*DQWLERG\$QDO\VLVE\:HVWHUQ
EORWWLQJDJDLQVWWKH+7/FRPSRQHQWVH[FHSW<DM&GXHWRWKHODFNRIDVSHFLILF
DQWLERG\UHYHDOHGWKHSUHVHQFHRIWKHVXEXQLWVFRQVWLWXWLQJWKH+7/)LJ%
GHPRQVWUDWLQJWKDWLWLVLQGHHGSUHVHQWDQGLQWDFWLQQDWLYHPHPEUDQHVZLWKRXWWKH
RYHUH[SUHVVLRQRIDQ\FRPSRQHQW

'HSHQGHQF\RIPHPEUDQHSURWHLQLQVHUWLRQRQWKHWUDQVORFRQFRPSRQHQWV
&RWUDQVODWLRQDOPHPEUDQHSURWHLQLQVHUWLRQZDVUHFRQVWLWXWHGin vitro E\WKH
DGGLWLRQRIP51$HQFRGLQJYDULRXVPHPEUDQHSURWHLQVWRDQE. coli6FHOOH[WUDFW
FDSDEOHRISURWHLQV\QWKHVLV7KHUHDFWLRQVZHUHFDUULHGRXWLQWKHSUHVHQFHRIVLQJOH
FKDLQ653VF653>@DQGSURWHROLSRVRPHV3/VFRQWDLQLQJHLWKHU+7/6HF<(*
RU<LG&DORQH*LYHQWKDWSKRVSKROLSLGVDUHNQRZQWRVWDELOLVHWKH+7/in vitro>@LW
LVVDIHWRDVVXPHWKHFRPSOH[LVWKHUHE\SUHVHUYHGXSRQPHPEUDQHUHFRQVWLWXWLRQDQG
UHWDLQHGLQWDFWZLWKLQWKHUHVXOWDQW3/V



7KH+7/LVIRUPHGE\DKHWHURGLPHULFDVVRFLDWLRQRIWKHVXEFRPSOH[HV6HF<(*
DQG6HF')<DM&<LG&>@ZKHUHDV6HF<(*DORQHIRUPVKRPRGLPHUV>@
7KHVHWZRGLIIHUHQWGLPHUVFRQWDLQDVLQJOHDFWLYHWUDQVORFDWLRQVLWHWKURXJK6HF<
WKHVHFRQGFRS\RI6HF<(*LQWKHKRPRGLPHULVLQDFWLYH>@7KHROLJRPHULF
VWDWHDQGDFWLYLW\RI<LG&DORQHLVOHVVFOHDUGLPHUVDUHDOVRWKRXJKWWREHUHTXLUHG
IRUDVLQJOHDFWLYHVLWH>@:LWKWKLVLQPLQG3/VFRQWDLQLQJ+7/0ZHUH
FRPSDUHGWRWKRVHFRQWDLQLQJWZLFHWKHDPRXQWRIWKHLQGLYLGXDOFRPSRQHQWV0
HTXLYDOHQWWR0SRWHQWLDODFWLYHWUDQVORFDWLRQVLWHV
7KHUHFRQVWLWXWLRQHIILFLHQF\RIWUDQVORFDWLRQFRPSOH[HVLQWR3/VZDVDVVHVVHGE\
6'63$*(ZKLFKZDVFRQVLVWHQWEHWZHHQDOOWKUHHVDPSOHV6HF<(*<LG&DQGWKH
+7/)LJ6$5HDVVXULQJO\WKHSURFHVVRIXUHDH[WUDFWLRQXVHGLQWKHDQDO\VLVGLG
QRWGHSOHWHWKHUHVLGHQWWUDQVORFRQFRPSRQHQWVRIWKH3/V)LJ6%7KHUHIRUHWKH
VXEVHTXHQWUHVXOWVZHUHQRWXQGXO\DIIHFWHGE\YDULDWLRQVLQWKHUHVSHFWLYH
FRQFHQWUDWLRQVRI6HF<(*<LG&RUWKH+7/7KH\LHOGRIbona fide PHPEUDQH
SURWHLQLQVHUWLRQLQWRWKHGLIIHUHQW3/VZDVWKHQHYDOXDWHGE\YHVLFOHIORWDWLRQDQG
UHVLVWDQFHWRXUHDH[WUDFWLRQ)LJ
3/VFRQWDLQLQJWKH+7/6HF<(*DQG<LG&ZHUHFKDOOHQJHGZLWKDZLGHUDQJHRI
QDVFHQWPHPEUDQHSURWHLQVLQFOXGLQJWKRVHUHSXWHGQRWWRUHTXLUH6HF<(*IRU
HIILFLHQWPHPEUDQHLQVHUWLRQ3I3)2FDQG0VF/DQGWKRVHWKDWGR)2DDQGSUH
&\R$DVZHOODVRWKHUVZLWKXQNQRZQWUDQVORFRQGHSHQGHQFLHV*OS*DQG(PU(
:LWKWKHH[FHSWLRQRI0VF/WKH+7/FRPSOH[SURYHGVLJQLILFDQWO\PRUHHIIHFWLYHDW
PHPEUDQHLQVHUWLRQRIWKHVHOHFWHGVXEVWUDWHVE\FRPSDULVRQWR6HF<(*RU<LG&
LQGLYLGXDOO\)LJ6XUSULVLQJO\3I3DQG)2FZHUHPRUHHIIHFWLYHO\LQFRUSRUDWHG
LQWRWKHPHPEUDQHE\WKH+7/DQG0VF/E\6HF<(*UDWKHUWKDQDVH[SHFWHGE\
<LG&DORQH



7KHUHODWLYHO\ORZ\LHOGRIPHPEUDQHLQFRUSRUDWLRQ±LQWKHVH
H[SHULPHQWVLVQRWDIDLOLQJRIWKHLQVHUWLRQSURFHVVper se5DWKHULWLVDFRQVHTXHQFH
RIWKHVWULQJHQWPHWKRGHPSOR\HGWRGLVWLQJXLVKJHQXLQHLQWHJUDWLRQLQWRWKH
PHPEUDQHDVRSSRVHGWRDJJUHJDWLRQRUQRQVSHFLILFDVVRFLDWLRQDWWKHYHVLFXODU
VXUIDFH7KHPDLQUHDVRQIRUWKHDSSDUHQWORZLQVHUWLRQHIILFLHQF\LVWKHXQLIRUPO\
ORZUHFRYHU\aRIWKH3/VE\FHQWULIXJDWLRQDQGIORWDWLRQ)LJ6&
)XUWKHUPRUHZHVKRZWKHGLIIHUHQFHVLQPHPEUDQHLQVHUWLRQDFWLYLW\EHWZHHQWKH
+7/6HF<(*DQG<LG&DUHQRWDUHVXOWRIYDULDWLRQVRIWKHUHFRQVWLWXWLRQHIILFLHQF\
RUWKHRULHQWDWLRQZLWKLQWKHUHVSHFWLYH3/V,QHDFKFDVHWKHTXDQWLWLHVRI6HF<DQG
<LG&DQGWKHUHODWLYHH[SRVXUHRIF\WRVROLFORRSVWRWU\SVLQZHUHVKRZQWREH
FRQVLVWHQWEHWZHHQWKH+7/DQGWKHLQGLYLGXDOFRPSRQHQWV)LJ6%7KH
SURWHRO\VLVZDVDOVRFRQGXFWHGLQWKHSUHVHQFHRIGHWHUJHQW7ULWRQ;LQRUGHUWR
GLVVROYHWKHPHPEUDQHDQGH[SRVHDOOWKHVLWHVWRWKHSURWHDVHWRJLYHDPHDVXUHRI
FOHDYDJHIRUFRPSDULVRQ)LJ6%7KHDQDO\VLVVKRZVWKHHIILFLHQF\DQG
RULHQWDWLRQRIWKHUHFRQVWLWXWHGSURWHLQVDUHLQGHHGWKHVDPHIRUDOOWKUHH+7/
6HF<(*DQG<LG&VDPSOHVDQGYDULDWLRQVLQWKLVSURFHVVGLGQRWDIIHFWWKHUHVXOWV


7KHGHSHQGHQFHRIPHPEUDQHSURWHLQLQVHUWLRQRQWKHSURWRQPRWLYHIRUFH
30)
1H[WZHLQYHVWLJDWHGWKHGHSHQGHQFHRIVXEVWUDWHLQVHUWLRQDQGIROGLQJRQWKH
WUDQVPHPEUDQHSURWRQPRWLYHIRUFH30)E\FRUHFRQVWLWXWLQJWKH+7/DQGWKH
LQGLYLGXDOFRPSRQHQWV6HF<(*DQG<LG&LQWROLSRVRPHVWRJHWKHUZLWKWKHOLJKW
GULYHQSURWRQSXPSEDFWHULRUKRGRSVLQE5'XHWRWKHGLIIHUHQWOLSLGFRPSRVLWLRQ
WKHLQVHUWLRQHIILFLHQF\LQWRE5FRQWDLQLQJ3/VZDVXQLIRUPO\EHWWHUFRPSDUHGWR



ZKHQVWDQGDUG3/VZHUHXVHG)LJ,QDJUHHPHQWZLWKWKHDERYHUHVXOWVDOO
VXEVWUDWHVWHVWHG)2F)2DDQG(PU(UHTXLUHG6HF<(*DORQHRUZLWKLQWKH+7/IRU
KLJKOHYHOVRILQVHUWLRQ)LJ$&<LG&DORQHEURXJKWDERXWRQO\EDFNJURXQG
OHYHOVRILQFRUSRUDWLRQ2QFHDJDLQWKH+7/ZDVPRVWHIIHFWLYHIRUWKHLQVHUWLRQRI
)2F)LJ$DQG)LJ6$,QDOOFDVHVWKHUHZDVHLWKHURQO\DYHU\PLQRURUQR
VWLPXODWLRQRIWKHLQVHUWLRQSURFHVVE\WKH30))LJ$&7KLVLVLQGLVWLQFW
FRQWUDVWWRWKHVHFUHWLRQSURFHVVPRQLWRUHGE\WKHWUDQVSRUWRIWKHSUHFXUVRURXWHU
PHPEUDQHSURWHLQ$SUR2PS$WKURXJK6HF<(*LQWKHSUHVHQFHRI6HF$ZKLFK
LVVWURQJO\SURPRWHGE\WKH30)SDUWLFXODUO\LQWKHFDVHRIWKH+7/>@)LJ'

0HPEUDQHSURWHLQDVVHPEO\
)XUWKHUH[SHULPHQWVZHUHFRQGXFWHGWRDVVHVVWKHUROHRIWKH+7/DQGUHVLGHQW
6HF<(*DQG<LG&LQPHPEUDQHSURWHLQDVVHPEO\)2FDQG0VF/DUHERWKQDWXUDOO\
RFFXUULQJKRPRROLJRPHUVFRQWDLQLQJUHVSHFWLYHO\>@DQG>@VXEXQLWV
7KHLUDVVHPEOHGVWDWHZDVDQDO\VHGE\EOXHQDWLYH%13$*(IROORZLQJin vitro 
FRXSOHGSURWHLQV\QWKHVLVDQGPHPEUDQHLQVHUWLRQ$JDLQWKHPHPEUDQHYHVLFOHV
ZHUHLVRODWHGE\IORWDWLRQDQGVXEMHFWHGWRXUHDH[WUDFWLRQDQGWKHLQVHUWHGPHPEUDQH
SURWHLQVZHUHVROXELOLVHGZLWKDQRQGHQDWXULQJGHWHUJHQWQ'RGHF\Oȕ'PDOWRVLGH
DQGDQDO\VHGE\%13$*(7KHUDGLRODEHOOHGin vitroV\QWKHVLVHGDQGLQVHUWHG
PHPEUDQHSURWHLQVZHUHWKHQYLVXDOLVHGE\SKRVSKRULPDJLQJDQGFRPSDUHGWRWKRVH
PDGHin vivo
(YHQWKRXJK0VF/LVPRUHHIILFLHQWO\LQFRUSRUDWHGLQWRWKHPHPEUDQHE\6HF<(*
)LJLWVDVVHPEO\LVPRUHDFFXUDWHO\KDQGOHGE\WKH+7/EDVHGRQWKHDSSHDUDQFH
RIDPRUHSURQRXQFHGEDQGFRUUHVSRQGLQJWRDQROLJRPHULFDVVHPEO\)LJ$OHIW
KDQGSDQHO:KHQ<LG&RU6HF<(*ZHUHXVHGWKHDVVHPEOHGSURGXFWZDVPRUH



GLIIXVHSRVVLEO\GXHWRVSXULRXVLQVHUWLRQHYHQWVOHDGLQJWRLQFUHDVHGKHWHURJHQHLW\RI
WKHROLJRPHULFVWDWHV7KHKLJKHUDSSDUHQWPROHFXODUZHLJKW0:RIWKHLQVHUWHGDQG
DVVHPEOHGFRPSOH[FRPSDUHGWRSXULILHG0VF/LVGXHWRLWVDVVRFLDWLRQZLWKOLSLGV
ZKLFKFDQEHSDUWLDOO\UHSOLFDWHGE\WKHDGGLWLRQRIOLSLGVWRWKHSXULILHGPDWHULDO)LJ
$ULJKWKDQGSDQHO
7KHDVVHPEO\RIWKH)2FVXEXQLWRIWKH$73V\QWKDVHFRXOGDOVREHPRQLWRUHGE\
WKHDSSHDUDQFHRIDKLJKHU0:ROLJRPHULFVSHFLHVE\%13$*(ZKLFKDJDLQZDV
PRVWHIIHFWLYHIROORZLQJLQVHUWLRQE\WKH+7/)LJ%
$GGLWLRQDOH[SHULPHQWVZHUHFDUULHGRXWWRH[SORUHWKHQDWXUHRIWKHin vitro 
DVVHPEOHGVWDWHRI)2F1DWLYHE. coli $73V\QWKDVHIRUPVDGHFDPHULFULQJRI
VXEXQLWVWKHFULQJZKLFKFRQVWLWXWHVWKHURWDU\FRPSRQHQWRIWKH)2PHPEUDQH
GRPDLQ>@7KHDVVHPEOHGVWDWHRIWKHFULQJFDQEHUHFRJQL]HGGXHWRLWVSDUWLDO
UHVLVWDQFHWRGLVVRFLDWLRQLQ6'63$*(>@7KHVFDOHRIWKHLQVHUWLRQH[SHULPHQWV
GHYHORSHGKHUHZDVLQFUHDVHGLQRUGHUWRYLVXDOL]HDQGFKDUDFWHUL]HWKHROLJRPHULF
VWDWHRI)2FE\QRQQDWLYH6'63$*()DLQWKLJKHUPROHFXODUZHLJKWEDQGVFRXOG
LQGHHGEHREVHUYHGIROORZLQJLQVHUWLRQLQWKHSUHVHQFHRI6HF<(*DQGWKH+7/EXW
QRW<LG&DORQH)LJ6$
7ZRF\VWHLQHV&DQG&ZHUHLQWURGXFHGLQWRWKHVXEXQLWUHIHUUHGWR
KHUHDIWHUDV[)2FZKLFKZKHQR[LGLVHGIRUPLQWHUPROHFXODUFURVVOLQNVWRWKH
DGMDFHQWVXEXQLWLQWKHFULQJ7KLVVWUDWHJ\ZDVWKHQH[SORLWHGWRGHWHUPLQHWKH
VWRLFKLRPHWU\RI)2FLQWKHQDWLYHFRPSOH[DQGWKHin vitroDVVHPEOHGSURGXFWV
IRUPHGZLWKLQPHPEUDQHVFRQWDLQLQJWKH+7/6HF<(*RU<LG&
([SRVXUHRIPHPEUDQHVFRQWDLQLQJin vivo LQFRUSRUDWHG[)2FWR WKHSRZHUIXO
R[LGDQWFRSSHUSKHQDQWKUROLQH&X3KFDXVHVWKHIRUPDWLRQRILQWHUPROHFXODU
GLVXOSKLGHERQGVZKLFKZKHQDQDO\VHGE\6'63$*(SURGXFHDODGGHU



FKDUDFWHULVWLFRIDFULQJZLWKWKHIXOO\FURVVOLQNHGIRUPDWWKHWRSDWaN'D)LJ
&7KHin vitro LQFRUSRUDWHGSURGXFWVZHUHQRWVXEMHFWHGWRH[WUHPHR[LGDWLRQE\
&X3KLQRUGHUWRPLQLPLVHDQ\QRQVSHFLILFFURVVOLQNLQJVHHEHORZ1HYHUWKHOHVV
WKHPLOGR[LGLVLQJFRQGLWLRQVGXHWRWKHSUHVHQFHRIOLSLGVDQGGLVVROYHGDWPRVSKHULF
R[\JHQZHUHVXIILFLHQWWRJHQHUDWHKLJKHU0:FURVVOLQNV)LJ',QODUJHVFDOH
LQVHUWLRQH[SHULPHQWV3/VFRQWDLQLQJHLWKHUWKH+7/RU6HF<(*EXWQRW<LG&DORQH
WKHN'DEDQGFRUUHVSRQGLQJWRWKHIXOO\FURVVOLQNHGFULQJFRXOGEHGHWHFWHG
DORQJZLWKDIHZSDUWLDOO\FURVVOLQNHGIRUPV)LJ'
7KHKLJKHU0:EDQGaN'DIRUPHGLQWKHSUHVHQFHRIWKH+7/DQG<LG&
DORQHPXFKODUJHUWKDQWKHFURVVOLQNHGFULQJZDVORVWZKHQWKHF\VWHLQHVZHUH
UHPRYHGIURPHLWKHUWKHVXEVWUDWH)2F)LJ6%RUWKHWUDQVORFRQFRPSRQHQWV)LJ
(3UHVXPDEO\WKLVEDQGFRUUHVSRQGVWRDFURVVOLQNEHWZHHQRQHRIWKHF\VWHLQHV
RIWKH[)2FVXEVWUDWHYDULDQWDQGWKHVLQJOHQDWLYHF\VWHLQHRI<LG&RU6HF'
RFFXUULQJGXULQJWKHLQVHUWLRQSURFHVV7KLVLQWHUSUHWDWLRQLVFRQVLVWHQWZLWKDQ
DSSDUHQW0:RIN'D7KLVKLJKHU0:EDQGIRUPHGE\RQO\DVLQJOHGLVXOSKLGH
ERQGEHWZHHQWKHVXEVWUDWHDQGRQHRIWKHWUDQVORFRQVXEXQLWVZDVDVH[SHFWHGPRUH
SURQHWRUHGXFWLRQE\GLWKLRWKUHLWRO'77FRPSDUHGWRWKHN'DEDQG
FRUUHVSRQGLQJWRWKHFULQJOLQNHGWRJHWKHUE\GLVXOSKLGHV)LJ6%
,QWHUHVWLQJO\VLJQLILFDQWDPRXQWVRIWKHFURVVOLQNHGFULQJFDQDOVREHGHWHFWHG
IROORZLQJLQVHUWLRQFRQGXFWHGHYHQLQWKHDEVHQFHRI<LG&)LJ',QWKHVH
H[SHULPHQWVDN'DEDQGZDVDJDLQREVHUYHGFRQILUPLQJWKDWWKHVXEVWUDWHYDULDQW
[)2FFDQEHDOVRFURVVOLQNHGWRHLWKHU<LG&RU6HF'
7KHVLJQLILFDQFHRIWKHKLJKHU0:FURVVOLQNDWWKLVVWDJHFDQQRWEHDVFHUWDLQHG
+RZHYHUWKHRYHUULGLQJILQGLQJVIURPWKHDQDO\VHVRQWKHDVVHPEO\RI0VF/DQGWKH



FULQJRI)2VKRZDQDEVROXWHUHTXLUHPHQWIRU6HF<(*IRUFRPSOH[DVVHPEO\LQD
SURFHVVIXUWKHUIDFLOLWDWHGE\WKH6HF')<DM&<LG&VXEFRPSOH[


,QWHUDFWLRQRIWKHWUDQVORFRQZLWKWKHULERVRPH
0HPEUDQHSURWHLQLQVHUWLRQLVWKRXJKWJHQHUDOO\WRRFFXUGXULQJWUDQVODWLRQ*LYHQ
WKDWWKH+7/LVPRVWHIIHFWLYHDWWKHLQVHUWLRQDQGDVVHPEO\SURFHVVZHH[SHFWHGWKDW
LWVLQWHUDFWLRQZLWKWKHULERVRPHZRXOGEHPRUHIDYRXUDEOHWKDQZLWKLQGLYLGXDOVXE
FRPSOH[HVZKLFKLQGHHGSURYHGWREHWKHFDVH7KH+7/GLVSOD\VDKLJKHUULERVRPH
ELQGLQJDIILQLW\FRPSDUHGWR6HF<(*>@8VLQJWKHPHWKRGZHGHVFULEHGSUHYLRXVO\
>@WKHDIILQLW\RIGHWHUJHQWVROXELOLVHG<LG&IRU6ULERVRPHVZDVGHWHUPLQHGE\
IOXRUHVFHQFHDQDO\VLVRI<LG&ODEHOOHGZLWK&\DWSRVLWLRQVSHULSODVPLFVLGH
DQGF\WRSODVPLFVLGH7KHDIILQLW\RI<LG&IRUULERVRPHVZDVGHWHUPLQHGE\
WKHLQFUHDVHRI&\IOXRUHVFHQFHDWSRVLWLRQXSRQELQGLQJ)LJ1RLQFUHDVHLQ
IOXRUHVFHQFHZDVREVHUYHGLQWKHFDVHRI<LG&ODEHOOHGDWSRVLWLRQXVHGDVD
FRQWURO,QWHUHVWLQJO\WKHDIILQLW\RI<LG&IRU6ULERVRPHVQ0LVZHDNHUWKDQ
WKDWRIWKH+7/Q0DQGVLPLODUWR6HF<(*DORQHQ0>@7KLVKLJKHU
DIILQLW\FRUUHODWHVZLWKWKHLPSURYHPHQWLQLQVHUWLRQDFWLYLW\DQGVXJJHVWVWKDW
6HF<(*DQG<LG&ERWKFRQWULEXWHWRWKHIXQFWLRQDOLQWHUIDFHZLWKWKHULERVRPH
   

'LVFXVVLRQ

7KHPROHFXODUPHFKDQLVPXQGHUO\LQJPHPEUDQHSURWHLQLQVHUWLRQIROGLQJDQG
DVVHPEO\LVSRRUO\XQGHUVWRRGFRPSDUHGWRZKDWZHNQRZDERXWWKHWUDQVSRUWRI



SURWHLQVDFURVVWKHPHPEUDQHGXULQJVHFUHWLRQ>@7KHDYDLODELOLW\RIWKH
EDFWHULDOPDFKLQHU\±WKHKRORWUDQVORFRQ+7/>@±FDSDEOHRIERWKVHFUHWLRQ
DQGPHPEUDQHLQVHUWLRQKDVSURYLGHGDXQLTXHRSSRUWXQLW\WRDGGUHVVWKLVSUREOHP
&UXFLDOO\ZHVKRZKHUHWKDWWKH+7/FRPSOH[FDQEHH[WUDFWHGLQWDFWIURPWKH
SODVPDPHPEUDQHRIZLOGW\SHE. coli DV60$/3VVXJJHVWLYHRILWVH[LVWHQFHDVD
VWDEOHHQWLW\ZLWKLQQDWLYHPHPEUDQHV7KLVLPSRUWDQWYHULILFDWLRQVXEVWDQWLDWHVRXU
SUHYLRXV>@DQGSUHVHQWDQDO\VLVRIWKH+7/SURGXFHGE\UHFRPELQDQWRYHU
H[SUHVVLRQ
7KHFODVVLILFDWLRQRI)2F3I3DQG0VF/DVVXEVWUDWHVWKDWUHTXLUHRQO\<LG&
IRUPHPEUDQHLQVHUWLRQLQGHSHQGHQWRI6HF<(*LVEDVHGODUJHO\RQin vivoGHSOHWLRQ
VWXGLHV>@+RZHYHUWKLVDSSURDFKLVNQRZQWRWULJJHUVHFRQGDU\HIIHFWVLQ
WKHPHPEUDQHFRPSRVLWLRQRIGHSOHWHGFHOOV>@2QHZD\WRRYHUFRPHWKLV
SUREOHPLVWRPRQLWRUPHPEUDQHSURWHLQLQVHUWLRQUHFRQVWLWXWHGIURPSXULILHG
FRPSRQHQWVZKLFKZHDFKLHYHGXVLQJWZRFRPSOHWHO\LQGHSHQGHQWUHFRQVWLWXWLRQ
PHWKRGVVWDQGDUG3/VDQGE53/VHPSOR\LQJGLIIHUHQWGHWHUJHQWVDQGOLSLGV2XUin
vitroDQDO\VLVRIPHPEUDQHSURWHLQVWKRXJKWWRUHTXLUHERWK6HF<DQG<LG&DV
H[SHFWHGKDVVKRZQDOOVXEVWUDWHVDUHLQVHUWHGDQGDVVHPEOHGPRVWHIILFLHQWO\E\WKH
+7/+RZHYHUWKHUHVXOWVDOVRVKRZWKDWWKRVHPHPEUDQHSURWHLQVSUHYLRXVO\
GHVLJQDWHGWREHVROHO\GHSHQGHQWRQ<LG&IRUWKHLULQVHUWLRQVHH,QWURGXFWLRQZHUH
LQIDFWPRUHHIILFLHQWO\LQFRUSRUDWHGDQGDVVHPEOHGE\WKH+7/FRPSDUHGWR<LG&RU
6HF<(*LQGLYLGXDOO\
6PDOOK\GURSKRELFPHPEUDQHSURWHLQVVXFKDV)2FXVHGLQWKLVVWXG\
VSRQWDQHRXVO\LQVHUWLQWROLSLGELOD\HUV>@:HDOVRREVHUYHWKLVQRQVSHFLILF
SURFHVVLQWKHDEVHQFHRIDQ\WUDQVORFRQFRPSRQHQWOLSLGVDORQHRU3/VFRQWDLQLQJ
RQO\E5)LJ$DQG)LJ'(+RZHYHULQVHUWLRQDFWLYLW\RIWKHKRORWUDQVORFRQ



LVFRQVLGHUDEO\KLJKHUFRPSDUHGWRWKLVEDFNJURXQG0RUHRYHUWKH+7/LQVHUWHG)2F
DQG0VF/UHVXOWLQWKHDVVHPEO\RIWKHQDWLYHROLJRPHULFVWDWHPDWFKLQJWKRVH
IRUPHGin vivo.7KHUHIRUHWKHVHSURWHLQVDUHPRUHIDLWKIXOO\LQFRUSRUDWHGDQGIROGHG
E\WKHFRPELQHGDFWLRQVRI6HF<(*DQG<LG&SUHVHQWLQRQHVXSHUFRPSOH[±VXFK
WKDWWKH\HQWHUWKHPHPEUDQHLQDQRQDJJUHJDWHGDVVHPEO\FRPSHWHQWFRQIRUPDWLRQ
7KHGDWDLQGLFDWHVWKDW6HF<(*EXWQRW<LG&LVDQHVVHQWLDOIDFWRULQWKHSURFHVV
RIPHPEUDQHSURWHLQLQVHUWLRQDQGDVVHPEO\1HYHUWKHOHVVWKH6HF')<DM&<LG&
VXEFRPSOH[VHHPVWRIDFLOLWDWHWKLVSURFHVVZLWKLQWKHFRQILQHVRIWKH+7/
SUHVXPDEO\WKLVLVDWWULEXWDEOHWRWKHDFWLYLW\RI<LG&>@8QOLNH6HF$GULYHQ
WUDQVORFDWLRQWKURXJKWKHPHPEUDQH>@WKH30)GRHVQRWDSSHDUWRKDYHD
VLJQLILFDQWVWLPXODWRU\HIIHFWRQWKHLQVHUWLRQRIPHPEUDQHSURWHLQVRUWKHLU
VXEVHTXHQWDVVHPEO\+RZHYHUZHGRQRWH[FOXGHWKHSRVVLELOLW\WKDWWKHLQVHUWLRQRI
RWKHUPHPEUDQHSURWHLQVE\WKH+7/PD\EHPRUHVXEVWDQWLDOO\SURPRWHGE\WKH
DFWLRQRIWKH30))RULQVWDQFHVXEVWUDWHVUHTXLULQJWKHVHFUHWLRQRIODUJH
SHULSODVPLFORRSVDFURVVWKHPHPEUDQHPD\UHTXLUHWKHDFWLRQRI6HF$ZKLFKLV
VXEMHFWWR30)VWLPXODWLRQ)LJ'>@
(YLGHQFHVXSSRUWLQJWKHH[LVWHQFHRIDQLQVHUWLRQSDWKZD\XWLOLVLQJRQO\<LG&IRU
VHOHFWPHPEUDQHSURWHLQVDULVHIURPVWXGLHVRIVWUDLQVGHSOHWHGLQWKH<LG&SURWHLQ
>@+RZHYHUWKLVGHSOHWLRQSURFHVVREYLRXVO\WULJJHUVSOHLRWURSLF
HIIHFWVLQSDUWLFXODULQUHVSHFWRIPHPEUDQHFRPSRVLWLRQ7KHGHSOHWLRQRI<LG&KDV
VHYHUHFRQVHTXHQFHVRQWKHZHOOEHLQJRIWKHFHOOGXHWRWKHUHGXFHGHIILFLHQF\LQWKH
LQVHUWLRQRIHVVHQWLDOPHPEUDQHSURWHLQVLQFOXGLQJ)2F>@DQGSUHVXPDEO\DOVR
6HF<6HF(DQG6HF*$VDFRQVHTXHQFHIROORZLQJWKHGHSOHWLRQRI<LG&ZHFRXOG
KDUGO\GHWHFWDQ\6HF<DWDOO)LJ67KHUHIRUHWKHLQVHUWLRQDQGDVVHPEO\RI)2F
FDQQRWEHVDIHO\DWWULEXWHGWRWKHDFWLYLW\RI<LG&DORQH


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7KHin vitro H[SHULPHQWVSUHVHQWHGKHUHVXJJHVWWKDW6HF<(*LVLQGHHGUHTXLUHG
IRUHIIHFWLYHLQVHUWLRQRIWKHPHPEUDQHSURWHLQVXEVWUDWH)2FDPRQJVWRWKHUV
SUHYLRXVO\WKRXJKWWRGRVRLQLWVDEVHQFH7KLVSURFHVVSUHVXPDEO\RFFXUVDWWKH
LQWHUIDFHEHWZHHQWKHODWHUDOJDWHRI6HF<DQG<LG&>@,QWKLVVFHQDULRWKHin vivo 
GHSOHWLRQRI<LG&DQGFRQVHTXHQWO\6HF<ZRXOGEHFDWDVWURSKLF7KLVFRXOG
WKHUHIRUHH[SODLQWKHGLIIHUHQFHVLQFRQFOXVLRQVGUDZQIURPWKHin vitroH[SHULPHQWV
XVLQJDSXUHUHFRQVWLWXWHGV\VWHPLQWKLVVWXG\IURPWKHWUDGLWLRQDOYLHZRI<LG&
IXQFWLRQLQJDVDQLQGHSHQGHQWLQVHUWDVHGUDZQIURPin vivo DQDO\VHVRIPHPEUDQH
SURWHLQLQVHUWLRQ>@
3UHYLRXVHVWLPDWLRQVRI<LG&DEXQGDQFHEDVHGRQ³VHPLTXDQWLWDWLYH´:HVWHUQ
EORWWLQJZHUHDURXQGWLPHVKLJKHUWKDQ6HF<DQG6HF(>@LPSO\LQJDUROH
LQGHSHQGHQWRIWKH6HF<FRPSOH[+RZHYHUPRUHUHOLDEOHYDOXHVIRUWKHUHODWLYH
DPRXQWVRISURWHLQVLQWKHE. coli SURWHRPHDUHQRZDYDLODEOH>@WKDWDFFXUDWHO\
UHIOHFWWKHVWRLFKLRPHWU\RIPHPEUDQHSURWHLQFRPSOH[HVRINQRZQVWUXFWXUHIRU
LQVWDQFH6HF<(*DQGWKH)2GRPDLQRIWKH$73V\QWKDVH6XSSOHPHQWDU\7DEOH
,QWKLVVWXG\WKHUHODWLYHDEXQGDQFHRIWKHFRPSRQHQWVRIWKH+7/±
6HF<(*<LG&6HF')±WXUQRXWWREHDSSUR[LPDWHO\6XSSOHPHQWDU\7DEOH
7KHUHIRUHWKHUHPD\QRWEHDQ\H[FHVV<LG&DWDOO/RZSURSRUWLRQVRI6HF')
VXJJHVWWKH+7/PLJKWQRWEHWKHRQO\YHUVLRQRIWKHWUDQVORFRQ$VIDUDVZHNQRZ
FRPSOH[HVRI6HF<(*<LG&DUHQRWVWDEOHLQGHWHUJHQWVROXWLRQEXWPD\EHIRUPHG
LQWKHQDWLYHPHPEUDQHHQYLURQPHQW
,QOLJKWRIWKHUHVXOWVVKRZQKHUHWKHFODVVLFDOYLHZRI<LG&DFWLQJDVDQ
LQGHSHQGHQWWUDQVORFDVHPD\QHHGWREHUHFRQVLGHUHG$F\WRVROLFFDYLW\WKDWKDVEHHQ
LGHQWLILHGLQWKHVWUXFWXUHRI<LG&WKRXJKWWRFKDQQHO70+VLQWRWKHELOD\HUKDV
EHHQVKRZQWRSOD\DUROHLQPHPEUDQHLQVHUWLRQRI0LI0>@7KLVUHVXOWHGLQD



SURSRVHGPRGHOIRULQVHUWLRQRIVLQJOHVSDQQLQJPHPEUDQHSURWHLQVGLVSOD\LQJD
QHJDWLYHO\FKDUJHGSHULSODVPLFGRPDLQOLPLWHGKRZHYHUWRRQO\RQHW\SHRIVXEVWUDWH
>@3HUKDSVWKLVF\WRVROLFFKDQQHOLQ<LG&UHFHLYHV70+VHPHUJLQJIURPWKHODWHUDO
JDWHRI6HF<ZLWKLQWKH+7/7KHMX[WDSRVLWLRQRIWKHODWHUDOJDWHDQGF\WRVROLF
FDYLW\RI<LG&FRXOGFRQFHLYDEO\JLYHULVHWRDFRQVROLGDWHG70+VKXWWOHIURPWKH
SURWHLQFKDQQHORI6HF<(*viaWKHODWHUDOJDWHWR<LG&DQGSRVVLEO\6HF')DQG
WKHQWRWKHPHPEUDQHWKHUHE\IDFLOLWDWLQJHIILFLHQWIROGLQJLQVHUWLRQDQGDVVHPEO\
)LJ6LPLODUPHFKDQLVPVPD\H[LVWLQHXNDU\RWHVWRSURPRWHHIILFLHQWPHPEUDQH
SURWHLQIROGLQJDQGDVVHPEO\IRUH[DPSOHDWWKHLQWHUIDFHEHWZHHQ6HFDQG
DQFLOODU\IDFWRUVVXFKDV75$3>@
6WUXFWXUHVRI6HF<(*>@6HF')>@DQGUHFHQWO\RI<LG&>@SURYLGH
LPSRUWDQWFOXHVDERXWSURWHLQVHFUHWLRQDQGPHPEUDQHSURWHLQLQVHUWLRQ2XUUHVXOWV
SRLQWWRDUFKLWHFWXUDOSULQFLSOHVZKLFKFDQQRWEHH[SODLQHGE\WKHLVRODWHGVWUXFWXUHV
7KHPHFKDQLVPRIPHPEUDQHSURWHLQLQVHUWLRQKDVEHHQDGGUHVVHGZLWKLQWKHFRQWH[W
RIWKHVXSHUPROHFXODUDVVHPEO\RIWKHVHFRQVWLWXHQWVZLWKLQWKH+7/LQSDUWLFXODUDW
WKHFRRSHUDWLYHLQWHUIDFHEHWZHHQ6HF<DQG<LG&
7KHDYDLODELOLW\RIDQLQWDFW+7/FRPSOH[ZDVPDGHSRVVLEOHE\WKHUHFHQW
GHYHORSPHQWRIWKH$&(0%/WHFKQRORJ\ZKLFKSURYLGHVPHDQVRIIOH[LEOHDQG
UDSLGSURGXFWLRQRIPXOWLJHQHH[SUHVVLRQFRQVWUXFWV>@7KXVLWLVQRZSRVVLEOH
WRIXUWKHUH[SORUHWKHVWUXFWXUHG\QDPLFVDQGDFWLYLW\RIWKHKRORWUDQVORFRQDQG
WKHUHE\GHFLSKHUWKHPROHFXODUPHFKDQLVPRIPHPEUDQHSURWHLQLQVHUWLRQWKURXJKWKH
6HFPDFKLQHU\DQGE\DQDORJ\WKURXJKRWKHUWUDQVORFRQVVXFKDVWKRVHIRXQGLQ
PLWRFKRQGULDDQGFKORURSODVWV




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$FNQRZOHGJHPHQWV
:HWKDQNRXUIULHQGVDQGFROOHDJXHVIRUSURYLGLQJDQXPEHURIUHDJHQWVZLWKRXW
ZKLFKWKLVZRUNZRXOGQRWKDYHEHHQSRVVLEOH6LU-RKQ:DONHUIRUWKHE. coli
&'(H[SUHVVLRQVWUDLQDQG)2H[SUHVVLRQSODVPLG3URI$QGUHDV.XKQIRUWKH
E. coli-6<LG&GHSOHWLRQVWUDLQ3URI5RVV'DOEH\IRUWKHGRQDWLRQRIDSODVPLG
HQFRGLQJ3I33URI3DXOD%RRWKDQG'U.DO\SVR&KDUDODPERXVIRUSODVPLGV
HQFRGLQJ(PU(DQG0VF/DQGWKHSXULILHG0VF/DQG3URI+DMLPH7RNXGDIRUWKH
6HF'DQG6HF)DQWLERGLHV

)XQGLQJ
7KLVZRUNZDVVXSSRUWHGE\DGRFWRUDOWUDLQLQJJUDQWIURPWKH%%65&-.D
8QLYHUVLW\RI%ULVWRO3RVWJUDGXDWH6FKRODUVKLS50%%65&3URMHFW*UDQWV
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)UDPHZRUN3URJUDPPH&RPSOH[,1&SURMHFW,%DQG(0%2/7)$/7)
6$DQG(XURSHDQ&RPPLVVLRQ0DULH&XULH$FWLRQV
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
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)LJXUHOHJHQGV
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)LJXUH60$H[WUDFWLRQDQG+7/60$/3LPPXQRSUHFLSLWDWLRQ
$60$/3IRUPDWLRQGLDJUDP0HPEUDQHSURWHLQVFDQEHH[WUDFWHGIURP
PHPEUDQHV\HOORZE\DGGLWLRQRI60$JUHHQ60$/3VZLOOFRQWDLQGLIIHUHQW
SURWHLQVHJWKH+7/LQWKHLUQDWLYHPHPEUDQHHQYLURQPHQW,PPXQRSUHFLSLWDWLRQ
ZLWKDPRQRFORQDODQWLERG\Į6HF*DQG3URWHLQ*EHDGVZLOOSXOORQO\60$/3+7/
DQG60$/36HF<(*%60$/3VIURPE. coli &PHPEUDQHVLPPXQR
SUHFLSLWDWHGDJDLQVW6HF*DQWLERG\DQGVXEMHFWHGWR:HVWHUQ%ORWWLQJDJDLQVW6HF<
6HF(6HF*6HF'6HF)DQG<LG&1HJDWLYHFRQWUROVLQWKHDEVHQFHRI6HF*
DQWLERG\ZHUHDOVRSHUIRUPHGFRQWUROODQHV$PRXQWVORDGHGRQWRWKHJHO,QSXW
O8QERXQGO/DVWZDVKO1HJDWLYHFRQWUROO(OXWHGO

)LJXUH0HPEUDQHSURWHLQLQVHUWLRQDFWLYLW\RI6HF<(*<LG&DQGWKH+7/
6'63$*(DQDO\VLVRIFRXSOHGin vitroWUDQVODWLRQLQVHUWLRQUHDFWLRQVVKRZLQJ
PHPEUDQHLQFRUSRUDWLRQRIVHOHFWHGVXEVWUDWHVP51$ZDVV\QWKHVLVHGin vitroIRU
VHOHFWHGPHPEUDQHSURWHLQVDQGVXEVHTXHQWO\LQFXEDWHGZLWKDQE. coli6FHOO
H[WUDFWDQGVF653>@LQWKHSUHVHQFHRIHPSW\YHVLFOHVRUSURWHROLSRVRPHV
FRQWDLQLQJHLWKHU6HF<(*ȝ0 ȝ0SRWHQWLDODFWLYHWUDQVORFDWLRQVLWHV
<LG&ȝ0 ȝ0DFWLYHVLWHVRUWKH+7/ȝ0)ROORZLQJYHVLFOH
IORDWDWLRQDQGXUHDWUHDWPHQWUHDFWLRQVZHUHDQDO\VHGE\6'63$*(DQG
VXFFHVVIXOO\LQVHUWHGUDGLRODEHOOHGSURWHLQZDVGHWHFWHGE\SKRVSKRULPDJLQJ
4XDQWLILFDWLRQZDVSHUIRUPHGXVLQJ,PDJH4XDQWDQGUHSUHVHQWVWKHPHDQRIIRXU
LQGHSHQGHQWUHSHDWV6(0.H\H[SODLQLQJ3/VWRLFKLRPHWULHVLVSUHVHQWHGLQWKH
ILJXUH
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)LJXUH30)VWLPXODWHGDFWLYLW\RIWKH+7/LQPHPEUDQHSURWHLQLQVHUWLRQ
DQGSURWHLQVHFUHWLRQ
6'63$*(DQDO\VLVRI30)VWLPXODWHGFRXSOHGin vitroWUDQVODWLRQLQVHUWLRQ
UHDFWLRQV$&DQGin vitroWUDQVORFDWLRQUHDFWLRQV'LQFXEDWHGLQWKHSUHVHQFH
/LJKWRUDEVHQFH/LJKWRIOLJKWRULQWKHSUHVHQFHRIDQXQFRXSOLQJLRQRSKRUHDQG
OLJKW&&&36XFFHVVIXOO\LQVHUWHGUDGLRODEHOOHG)2F$)2D%DQG(PU(&RU
WUDQVORFDWHGSUR2PS$'ZHUHGHWHFWHGE\SKRVSKRULPDJLQJRU:HVWHUQEORWWLQJ
UHVSHFWLYHO\4XDQWLILFDWLRQZDVSHUIRUPHGXVLQJ,PDJH4XDQW$%RU,PDJH-&
'DQGUHSUHVHQWVWKHPHDQRIWKUHHLQGHSHQGHQWUHSHDWV6(0('HSHQGHQF\RI
PHPEUDQHIROGLQJRI)2FRQWKH30)LQWKHVDPHFRQGLWLRQVDVDERYH/HIWSDQHO
VKRZV)LJ&DVDUHIHUHQFHIRUROLJRPHULFVSHFLHV

)LJXUH5ROHRIWKH+7/LQPHPEUDQHSURWHLQDVVHPEO\
%OXH1DWLYH%13$*(DQDO\VLVRIFRXSOHGin vitroWUDQVODWLRQLQVHUWLRQUHDFWLRQV
VKRZLQJDVVHPEO\RI0VF/$DQG)2F%3XULILHG0VF/ZDVDQDO\VHGDORQJVLGH
LQVHUWHGSURWHLQLQWKHSUHVHQFHRUDEVHQFHRIE. coliSRODUOLSLGV$4XDQWLILFDWLRQ
RIPRQRPHULFDQGROLJRPHULFVSHFLHVZDVSHUIRUPHGXVLQJ,PDJH4XDQWDQG
UHSUHVHQWVWKHPHDQRIWKUHHLQGHSHQGHQWUHSHDWV6(0&E. coli&PHPEUDQHV
H[SUHVVLQJ[)2FZHUHDQDO\VHGE\:HVWHUQ%ORWWLQJDJDLQVW)2FDQWLERG\LQWKH
SUHVHQFHRUDEVHQFHRIR[LGL]LQJ&X3KDQGRUUHGXFLQJ'77FRQGLWLRQV'[)2F
LQVHUWLRQDFWLYLW\RI6HF<(*<LG&+7/6HF')+7/ǻ<LG&3/VDQG6HF<(*
<LG&DQG+7/&\VIUHHYDULDQWV(ZDVDQDO\VHGE\6'63$*(LQQRQUHGXFLQJ
FRQGLWLRQVDQGGHWHFWHGE\SKRVSKRULPDJLQJ$UURZVLQGLFDWHROLJRPHULF[)2F
VSHFLHVDQGDVWHULVNVFRUUHVSRQGWRXQVSHFLILF&\V&\VLQWHUDFWLRQV




)LJXUH,QWHUDFWLRQRI<LG&ZLWKWKHULERVRPH
%LQGLQJRIGHWHUJHQWVROXELOL]HG<LG&WR6ULERVRPHVIROORZHGE\IOXRUHVFHQFH
LQWHQVLW\&RQVWDQWDPRXQWVRI<LG&ODEHOOHGZLWK&\DWSRVLWLRQVRUZHUH
H[SRVHGWRLQFUHDVLQJFRQFHQWUDWLRQVRI6ULERVRPHVOHDGLQJWRDQLQFUHDVHG
IOXRUHVFHQFHLQWKHFDVHRI<LG&ODEHOOHGDWSRVLWLRQEXWQRWDW7KHUHVXOWV
UHSUHVHQWWKHPHDQRIIRXULQGHSHQGHQWH[SHULPHQWV7KHVWDQGDUGGHYLDWLRQRIWKH
DYHUDJH.GYDOXHIRU<LG&Q0LVQ0

)LJXUH3URSRVHGUROHRI<LG&LQPHPEUDQHSURWHLQLQVHUWLRQDQGDVVHPEO\
7KHK\GURSKLOLFJURRYHRI<LG&SRVLWLRQHGLQFORVHSUR[LPLW\WRWKHODWHUDOJDWH/*
RI 6HF< KHOSV HVFRUW 70+V WR WKH ELOD\HU 7KH UHVXOWLQJ VKXWWOH IURP WKH SURWHLQ
FKDQQHO LQ 6HF<(* WR <LG& DQG WKH PHPEUDQH PLJKW IDFLOLWDWH HIILFLHQW IROGLQJ
LQVHUWLRQDQGDVVHPEO\RIPHPEUDQHSURWHLQVe.g.)2F







